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CONTRACT NASw-790 

DEVELOPMENT OF ELECTRONICALLY-TUNABLE 

CONVERTERS I N  THE MILLIMETER WAVE-RANGE 

I. INTRODUCTION 

Under t h i s  con t r ac t ,  the con t r ac to r  s h a l l  conduct an experimental  

program f o r  the  development of e lec t ronica l ly- tunable  conver te rs  i n  the  m i l l i -  

w t e r  vave range, The work program i n  accordance with the  statement of work 

has been suuunarized i n t o  four  t a sks  as follows: 

Task A 

Inves t iga t e  the intermediate-frequency e f f e c t  on the  conversion ga in  

of a s i n g l e - c i r c u i t  converter .  

Task B 

Experimentally determine t h e  c h a r a c t e r i s t i c s  of r idge-loaded, meander- 

l i n e  c i r c u i t s  p a r t i a l l y  o r  t o t a l l y  wrapped i n t o  a c i r c u l a r  configurat ion.  

Task C 

Design and cons t ruc t  spec ia l  purpose, backvard-wave tubes i n  the  50 t o  

75 G c  range, s u i t a b l e  f o r  operation as an o s c i l l a t o r ,  ampl i f i e r ,  o r  s i n g l e - c i r c u i t  

converter .  

Task D 

Design and cons t ruc t  three double-circui ted experimental backward-wave 

conver te rs  f o r  opera t ion  i n  the  50 t o  75 Gc frequency range. This s h a l l  be 

accomplished a f t e r  completion of Task C. 

A t  the  present  time the e s s e n t i a l  work on Tasks A and B has been com- 

p l e t ed  and the  e f f o r t  on Task C i s  w e l l  under way. 

-1- 



1 
1 
1 
I 

1 
I 
I 

1 
I 
1 

11. WORK ACCOMPLISHED DURING THE PAST INTERVAL 

Task A 

During the pas t  i n t e r v a l ,  another attempt was made t o  reso lve  the  

discrepancy between experiment and theory of the  s i n g l e  c i r c u i t  conver te r  

(Figure 1, Bimonthly Report No. 2 ) .  Both theory and experiment were i n v e s t i -  

gated. 

The t h e o r e t i c a l  curves of F (which i s  propor t iona l  t o  the  i - f  c u r r e n t  

i n  the  beam, i d )  a s  a funct ion of fd / f a  were based on the  assumption t h a t  t he  

ga in  of the  h e l i x  as an r - f  amplif ier  was inverse ly  proport ional  t o  the  i - f .  

This i s  not  exac t ly  t r u e  i n  p rac t i ce  so the  ampl i f ie r  ga in  as a funct ion of i-f 

was measured on the  F-2524 tube. The r e s u l t i n g  da ta  i s  t o  be used a s  new input  

f o r  t he  computer so lu t ions  of F as a func t ion  of f d / f a  and should r e s u l t  i n  more 

r e a l i s t i c  t h e o r e t i c a l  curves. 

The two major problem areas i n  the experimental phase a r e  in t e r - r e l a t ed .  

One concerns the  v a l i d i t y  of the measurement of i d  and i s  dependent upon a knowl- 

edge of the  value of the i - f  load impedance. The o ther  i s  of a more p r a c t i c a l  

na tu re  and involves ex t r ac t ing  a s  much i - f  power as poss ib le  by making the  i - f  

load r e s i s t a n c e  as la rge  a s  possible.  

In the  p a s t ,  t he  load apparently has been l imi ted  to 50 ohms by t h e  50 

ohm input  impedance of standard measuring equipment. I n  most ins tances  a spectrum 

analyzer  was used. I n  order  t o  obviate t h i s  problem, a vacuum tube c i r c u i t ,  using 

a cathode fol lower output ,  was made to  i s o l a t e  the input  impedance of the spectrum 

analyzer  from the  i - f  c i r c u i t .  This should have allowed a high i - f  load t o  be 

used. It was discovered, however, t ha t  t he  i - f  impedance now was being l imi ted  

by the  d i s t r i b u t e d  capaci tance of the i - f  c o l l e c t o r  and cable .  It vas measured 

(at 60 W/s) t o  be 50 pfd which is 53 ohms of shunt reactance a t  60 %/s .  Two 

s t e p s  a r e  apparent t o  make poss ib le  a high i - f  load: 
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One, minimize t h e  cab le  length  t o  minimize the  shunt capac i ty  and, t w o ,  c ance l  

(by resonance) the shunt capac i ty  with a shunt  inductance (a phys ica l  inductor  

a t  t he  lower f requencies  and a shorted coax ia l  cable s l i g h t l y  less than h/4  . 

long a t  the  h igher  f requencies) .  

The awareness of t he  presence of d i s t r i b u t e d  capac i ty  has placed i n  

doubt the  value of the previous measurements. The load, as i t  was used previously,  

obviously was frequency s e n s i t i v e  but i n  making c a l c u l a t i o n s  the  load had been 

assumed constant .  I n  add i t ion  t o  t h i s ,  the  presence of d i s t r i b u t e d  inductance 

could cause system resonances which, i n  tu rn ,  would cause high e f f e c t i v e  load 

impedance. (Only .14 qh are needed to  resonate  50 pfd a t  60 Ik/s.) 

It appears t h a t  what must be done i s  t o  use resonant i - f  loads a t  

d i s c r e t e  f requencies  i n  order  t h a t  both a high load impedance can be obtained 

and t h a t  i t s  value can  be determined with a reasonable  degree of accuracy, 

Task B 

During t h e  t h i r d  r e p o r t  period the  slow wave s t r u c t u r e  f o r  the  tubes 

of Task C and D was chosen. The design of the  s t r u c t u r e  was based on a series 

of c a l c u l a t i o n s  involving beam and c i r c u i t  diameters and the  r e s u l t s  of measure- 

ments on cold test  s t r u c t u r e s  which bracketed the  design. While the  performance 

of t he  s t r u c t u r e  i s  known i n  general  it was decided t h a t  an accura te  tuning curve 

and impedance p l o t  would be valuable f o r  p red ic t ing  the  performance and checking 

the  r e s u l t s  of t he  f i n a l  tubes. Therefore during t h e  pas t  i n t e r v a l  an exact 

model cold tes t  s t r u c t u r e  w a s  ordered. 

Task C 

During the pas t  i n t e r v a l  the  bulk of the  p a r t s  and f i x t u r e s  f o r  the  

Task C tube were received and work on the  machining of the slow wave s t r u c t u r e  

w a s  begun. From what has been learned thus f a r  t h i s  w i l l  be one of the most 
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d i f f i c u l t  phases of the program. While it is  not  t oo  d i f f i c u l t  t o  set  up and 

machine a s t r u c t u r e  the  problem i s  one of obtaining the  prec ise  uniformity and 

degree of sur face  f i n i s h ,  required for  minimum r - f  losses .  During the p a s t  

period a number of t e s t  machinings were conducted on s h o r t  s ec t ions  of s t r u c t u r e  

f o r  var ious spark machining conditions.  We are p resen t ly  ab le  t o  reproduce a 

good f i n i s h  and a r e  s e t t i n g  up t o  machine a f u l l  l ength  c i r c u i t  f o r  the  f i r s t  

tube. Figure 1 is a photograph of a test  c i r c u i t  i n  which one of the  c i r c u i t  

blocks has been set back so t h a t  the d e t a i l s  of the  c i r c u i t  and the  waveguide 

feeds may be seen. 

Task D 

During the  pas t  i n t e r v a l  an e l e c t r o n  gun for t he  Task D tubes was de- 

s igned and p a r t s  ordered f o r  test. This gun d i f f e r s  from the  more conventional 

gun of Task C i n  t h a t  i t  is designed s p e c i f i c a l l y  f o r  low noise  operation. The 

gun a l s o  d i f f e r s  from the  ordinary low-noise gun i n  t h a t  it must operate  over an 

extended vol tage range as d i c t a t e d  by the  tuning c h a r a c t e r i s t i c s  of the slow 

wave c i r c u i t .  The i n i t i a l  test  an t h i s  gun w i l l  be a beam transmission test. 

111. PROGRAM FOR THE NEXT INTERVAL 

Task A 

The theory of the  s i n g l e  c i r c u i t  conver te r  i nd ica t e s  t h a t  conversion 

gains  i n  excess of -40 db are not r ead i ly  obtainable .  Because of t h i s ,  f u r t h e r  

i n v e s t i g a t i o n  of s i n g l e - c i r c u i t  converter  behavior has l i t t l e  value t o  anyone. 

However, s ince  the  i - f  c i r c u i t  problem must be resolved,  one f i n a l  measurement 

on the  s i n g l e  c i r c u i t  conver te r ,  using improved i - f  c i r c u i t r y ,  w i l l  be made. This 

i - f  c i r c u i t  w i l l  c o n s i s t  of the  beam c o l l e c t o r ,  across  which a high (known) 

impedance is  placed, followed by the vacuum tube impedance i s o l a t e r ,  the  cathode 

fol lower output of which feeds the spectrum analyzer.  
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The r e s u l t s  of t h i s  measurement w i l l  be compared t o  new t h e o r e t i c a l  

resul ts .  However, as f u r t h e r  i nves t iga t ion  w i l l  be b e n e f i c i a l  t o  no one, we 

w i l l  cons ider  Task A t o  be completed a t  t h i s  point .  

Task B 

The measurements on the cold test  s t r u c t u r e  w i l l  be completed and 

a v a i l a b l e  f o r  comparison with the r e s u l t s  of t he  Task C tubes. 

Task C 

During the  next i n t e r v a l  the major e f f o r t  vi11 be on t h i s  task.  It 

is  expected t h a t  the. f i r s t  c i r c u i t  w i l l  be completed during the next few weeks 

and t h a t  t h e  f i r s t  tube w i l l  be completed s h o r t l y  t h e r e a f t e r .  

Task D 

During the  next i n t e r v a l  p a r t s  and f i x t u r e s  f o r  the f i n a l  tubes w i l l  

be ordered. Since most of the par ts  of t he  Task C and D tubes a r e  common, the 

order ing  w i l l  involve only those few items which are d i f f e r e n t .  A r eo rde r  of 

common p a r t s  w i l l  not be necessary s ince  a s u f f i c i e n t  number were ordered 

o r i g i n a l l y  on Task C.  

Tests of the low noise gun w i l l  be completed during A p r i l .  
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